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(54) LENS-ON-CHIP LUMINESCENT DEVICE AND MANUFACTURE THEREOF 

(57)Abstract 

PURPOSE: To improve the coupling efficiency of an optical system by 
positioning the major plane of a semiconductor luminous element, such 
as point-light-source type light emitting diodes mounted with a minute 
lens, away from its. .light output window, in the direction of the optical 
axis. t: - . 

CONSTITUTION: A buffer layer 14 is formed on the light output window 
3 of a light emitting diode element chip 2. Lens material 24 is placed on 
the buffer layer in the position corresponding to that of the light output 
window 3 by photolithography. The lens material 24 is then baked and 
melted into a hemispherical shape, and solidified to form a minute 
hemispherical lens 13 on the buffer layer 14: 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s>] 

[Claim 1] Lens-on chip mold luminescence equipment characterized by having formed the buffer layer on the 
optical outgoing radiation aperture at least, and forming a microfens in the location corresponding to said upper 
optical outgoing radiation aperture of this buffer layer of the semi-conductor light emitting device chip of the 
minute field luminescence mold which has an optical outgoing radiation aperture. 

[Claim 2] Said microlens is lens-on chip mold luminescence equipment according to claim 1 characterized by 
forming a front face in the shape of a convex melting and by making it harden in the lens base material given on 
said buffer layer. 

[Claim 3] Even if there are few semi-conductor light emitting device chips of the minute field luminescence mold 
which has an optical outgoing radiation aperture, a buffer layer is formed on an optical outgoing radiation aperture. 
A lens base material is arranged in the location corresponding to said optical outgoing radiation aperture on this 
buffer layer. The manufacture approach of lens-on chip mold luminescence equipment that a lens base material 
front face is made into a convex, and said lens base material front face is characterized by stiffening a lens base 
material in the state of a convex, and forming a microlens in the location corresponding to said optical outgoing 
radiation aperture by carrying out melting of this lens base material. : ■ 

[Claim 4] Even if there is little semi-conductor light emitting device substrate with which much semi-conductor 
light emitting device chips of the minute field luminescence mold which has an optical outgoing radiation aperture 
are formed, a buffer layer is formed on each optical outgoing radiation aperture. A lens base material is arranged 
in the location corresponding to said each optical outgoing radiation aperture on this buffer layer. The 
manufacture approach of lens-on chip mold luminescence equipment that a lens base material front face is made 
into a convex, and said lens base material front face is characterized by stiffening a lens base material in the 
state of a convex, and forming a microlens in the location corresponding to said each optical outgoing radiation 
aperture by carrying out melting of this lens base material. 

[Claim 5] La Stampa into which La Stampa of a microlens was produced using lens-on chip mold luminescence 
equipment according to claim 4, melting resin was poured in into this La Stampa, and this melting resin was 
poured, The semi-conductor light emitting device substrate with which much semi-conductor, light emitting device 
chips of the minute field luminescence mold which has an optical outgoing radiation aperture are formed is aligned. 
The manufacture approach of the lens-on chip mold luminescence equipment characterized by producing many 
microlenses on a semi-conductor light emitting device substrate by removing La Stampa after stiffening said 
melting resin. 

[Translation done.] 
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JPO and NCI PI are not responsible for any 
damages caused by the use, of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**+* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[0001] . . ■ 
[Industrial Application] This invention relates to lens-on chip mold luminescence equipment and its manufacture 
approach. Speaking concretely, this invention's relating to the lens-on chip mold luminescence equipment which 
had the microlens formed on the optical outgoing radiation aperture of the semi-conductor light emitting device 
(especially light emitting diode) chip of a minute field luminescence mold, and its manufacture approach. 

■ [0002] ' 

[Description of the Prior Art] The structure of the conventional point light source mold light emitting diode (LED) 
component is shown in drawing 1 3 and drawing 14 . The point light source mold light emitting diode component 
101 of drawing 13 Are the light light emitting diode component of 0.6-micrometer band wavelength, and the 
laminating of the n-GaAsl-XPX layer 103, n-GaAs0.6P 0.4 layer 104, and Si02 film 105 is carried out on the n- 
GaAs substrate 102. p diffusion field 107 is formed towards the inside of n-GaAs0.6P 0.4-layer 104 from the 
opening 1 06 of Si02 film 1 05, the p lateral electrode 1 08 is formed on Si02 film 1 05, and the n lateral electrode 
109 is formed in the bottom of the n-GaAs substrate 102. If a deer is carried out and an electrical potential 
difference is impressed between the p lateral electrode 108 and the n lateral electrode .109, a hole will be poured 
into the luminescence field 110 of the bottom of p diffusion field 107 from the p lateral electrode 108 through p 
f diffusion field 1 07, and outgoing radiation of the light which emitted light in the luminescence field 1 1 0 will be> 

™ carried out outside through the optical outgoing radiation aperture 111 of Si02 film 105 and the p lateral 
electrode 108. 

[0003] Moreover, the point light source mold light emitting diode component 121 of drawing 1 4 It is the light 
emitting diode component of a Burrus mold. The laminating of the n-aluminum0.3Ga0.7As layer 123, the p- 
aluminumO.05GaO.95As barrier layer 124, the p-aluminum0.3Ga0.7As layer 125, the n-aluminumO.15GaO.85As layer 
" "1 26, and the Si02 film l 27 IslSarried ^*$mrtNmtt r wffi& of tongue 6f the n-GaAs substrate 1 22 one Vy ~ 
one. p diffusion field 129 is formed from the opening 128 of Si02 film 127 to the p-aluminumO.3GaO.7As layer 125. 
The p lateral electrode 130 was formed over the whole surface in the bottom of Si02 film 1 27, opening of the 
etching hole 131 was carried out to the n-GaAs substrate 122 in p diffusion field 129 and the location which 
counters, and the n lateral electrode 1 32 is formed in the top face of the n-Ga As substrate 1 22. If a deer is 
carried out and an electrical potential difference is impressed between the p lateral electrode 130 and the n . 
lateral electrode 132, a hole will be poured in from the p lateral electrode 130 through p diffusion field 129 to a 
barrier layer 1 24, and outgoing radiation of the light which emitted light in the field concerned of a barrier layer 
124 will be carried out from the etching hole 131 of the n-GaAs substrate 122 outside. 
- [0004] Since it has'the description that the minute condensing spot in an image formation side can be obtained 
easily, and the parallel flux of light in space can be acquired comparatively easily, such a point light source mold 
light emitting diode component 101,121 is used as the light source of photoelectrical detection equipments, such 
as the light source of optical I/O devices, such as a pointer (optical indicator), a laser beam printer, and a bar 
code reader, or a photograph micro sensor, an optical encoder, and a distance robot. While the point light source 
mold tight emitting diode component is actually used for these optical equipments, improvement in much more 
efficiency for light utilization is wished that these demands are met with the demand of improvement in the engine 
performance, such as the accuracy of reading of these optical equipments, and long-distance-izing of detection 
distance. 
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[0005] However, in a point light source mold light emitting diode component since the optical intensity 
distribution of outgoing radiation light have a lambert form, for example, when the lens is used as a joint . 
component, only the optical power decided by chance [ of defining as the opening dimension and luminescence 
location of a joint lens ] corner chisel can be used theoretically. Similarly, available optical power is restricted with 
the numerical aperture NA of an optical fiber by the case where it is made to combine with an optical fiber. 
[0006] Drawing 1 5 is the explanatory view showing the principle about the joint effectiveness of the above point 
light source mold light emitting diode components 141 and the joint lens 142, the floodlighting section of a 
photograph micro sensor is assumed as optical system, and the joint lens 142 and the point light source mold light 
emitting diode component 1 41 serve as arrangement from which outgoing radiation light turns into collimation light 
Since the joint lens 142 is arranged in such arrangement so that the focal location may be in agreement with the 
optical outgoing radiation aperture (luminescence side) 143 of the point light source mold light emitting diode 
component 141, The prospective angle theta of the flux of light 144 by which outgoing radiation is carried out to 
the joint lens 142 from the luminescence location of the point light source mold light emitting diode component 
141 Numerical-aperture NA[=sintheta=root(R2+f2)/f;R of the joint lens 142 serves as an include angle [=sin- 
1 (NA)] corresponding to focal distance] of a joint lens in 1 /2 (radius of an entrance pupil)f of the opening * 
dimension of a joint lens. The joint effectiveness eta at this time (= incorporation power / outgoing radiation . 
power) is eta=NA2=sin2theta like the after-mentioned. — It becomes **. In addition, 145 is the optical axis of 
optical system. 

[0007] Drawing 1 6 is above-mentioned **-type explanatory view, and the point that A has the optical intensity 

distribution of a lambert form emitting light x, y, and the z-axis are rectangular coordinate systems which make 

the point A concerned emitting light a zero, and have defined the z-axis in the direction of optical outgoing 

radiation (the direction of an optical, axis) from the point A emitting light Moreover, the segment which the 

spherical surface 146 passing through a zero showed the optical intensity distribution of a lambert form, and 

lengthened at the point on the spherical surface 146 from the zero Since the die length of (AC [ for example, ]) 

expresses the optical intensity distribution of the point (for example, the point C) When optical reinforcement in 

the point that only phi inclined from the z-axis is set to I (phi) as shown in drawing 16 . and optical reinforcement 

(the maximum light reinforcement = AB) on an optical axis (z-axis) is set to Imax, among these, it is Kphi) =Imax- 

cosphi. — There is relation of **. Moreover, optical power deltaP which passes along the band-like zona . 

orbicularis of width-of^-face dphi to which only phi tended to have inclined from the z^axis on the spherical 

surface 1 46 is deltaP=2pHImax-sinphhcosphi-dphi=piImax-sin2phi-dphi. — Since it is **, the. optical power P 

. '.'.P Q' " " )1 becomes like the following ** type. ... 

0 A P = * max } Q I • sin2 ^ • 

= 2*1 roax ■ sin 2 0 •■•3> 

[0009] Since total radiation light power is 2pilmax, when it standardizes ** type by total radiation light power here, 
the optical power ratio eta emitted in the prospective angle theta, i.e., joint effectiveness, is eta=sin2theta. — it 
becomes ** and the aforementioned ** type is obtained. 

[0010] What is shown in drawing 1 7 expresses with a graph the count result of the joint effectiveness eta over 
- the numerical aperture NA of the joint lens expressed with ** typer.- Since the maximum* of the numerical aperture ■• — 
NA of the joint lens generally used is about 0.5, joint effectiveness eta can be desired only about 25% at the 
maximum, and high joint effectiveness is not acquired. 

[0011] However, what is necessary is just to narrow breadth of the outgoing radiation light intensity distribution of 
a light emitting diode component without reducing the outgoing radiation power from a light emitting diode 
component in order to raise the joint effectiveness of optical system. As a means to realize such an approach, 
the structure of making a microlens loading on a light emitting diode component can be considered. 
[0012] Drawing 18 is the sectional view showing the structure of the conventional point light source mold light 
emitting diode 151 in which the microlens 152 was loaded, and the microlens 152 which carried out the shape of a 
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semi-sphere on the optical outgoing radiation aperture 111 of the light emitting diode component 101 is loaded. 
However, in the light emitting diode 151 of such structure, since the optical outgoing radiation aperture 111 is . 
arranged near the principal plane (refracting interface of the beam of light at the time of thinking by geometrical 
optics) of a microlens 152 as shown in drawing 1 9 although the microlens 152 is loaded, outgoing radiation of the 
beam of light 153 which comes out of the optical outgoing radiation aperture 1 1 1 is carried out, without passing 
through a principal plane. Consequently, the load microlens 152 does not have a refraction function as shown in 
drawing 1 9 , but it is the same as that of the case where a microlens 152 is not loaded, almost [ of outgoing - . 
radiation light intensity distribution ] Therefore, in such point light source mold light emitting diode 151 of 
structure, even if the microlens 1 52 is loaded, the improvement in joint effectiveness with a joint lens is not 
expectable. 

[0013] Drawing 20 is the sectional view showing the structure of another conventional point light source mold 
light emitting diode 156 in which the microlens 157 was loaded. If it is in this point light source mold light emitting 
diode 156, the spherical microl ens (bulb lens) 157 is dedicated in the etching hole 131 by which opening was 
carried out to the substrate 122 of the light emitting diode component 121, and. the microlens 157 is fixed to a 
substrate 1 22 with the epoxy resin 1 58. In the point light source mold light emitting diode 1 56 of such structure, 
since the principal plane of a microlens 157 will be arranged at the distance which is fully separated from the. 
optical outgoing radiation section (light-emitting part), outgoing radiation light intensity distribution can be 
narrowed comparatively effe ctively. However, it sets to such light emitting diode 1 56. Since high precision 
positioning of a (aj microlens, high precision adhesion, etc. are required, New plant-and-equipment investment is 
needed in addition to the equipment for producing that the cycle time falls by complicatedHzation of these 
processes, and the point light source mold light emitting diode component of the (b) former, In order to mainly use 
synthetic quartz glass and to give an effective lens function as the quality of the material of a (c) microlens, high 
precision polish processing is needed to the minute spherical surface, and the component expense of a microlens 
becomes very expensive, There was a problem of becoming several times as many , cost quantity as this as 
compared with the light emitting diode component in which the conventional microlens -is not loaded by the reason 
of **. 
[0014] 

[Problem(s) to be Solved by the Invention] The place which this invention be make in view of the fault of the 
above-stated conventional example , and be make into the purpose be in semi-conductor light emitting devices , 
such as point light source mold light emitting diode which loaded the microlens , by. form a microlens using a light 
emitting diode production process on the optical outgoing radiation .aperture of a semi-conductor light emitting . 
device chip , and keep away the principal plane from an optical outgoing radiation aperture in the. direction of an 
optical axis to raise the joint effectiveness of the optical system containing semi-conductor luminescence 
equipment . 
[0015] 

[Means for Solving the Problem] The lens-on chip mold luminescence equipment of this invention is characterized 
by having formed the buffer layer on the optical outgoing radiation aperture at least, and forming a microlens in 
the location corresponding to said upper optical outgoing radiation aperture of this buffer layer of the semi- 
conductor light emitting device chip of the minute field luminescence mold which has an optical outgoing radiation 

*_ "'OucrLur vi ■ ~ - »» — — - .».—»•••-. ■ ..i /- - - - - - - — • - — ~- . . • - r- • v. ... — . .... * - .-- — f — . ,_. . . « . l . ~. ...... . • — .... - » - • . - . i „w 

[0016] Moreover, in the above-mentioned lens-on chip mold luminescence equipment, a microlens may be formed 
for the lens base material given on said buffer layer melting and by making it harden and making a front face into 
the shape of a convex. 

[0017] The manufacture approach of the lens-on chip mold luminescence equipment of this invention Even if 
there are few semi-conductor light emitting device chips of the minute field luminescence mold which has an 
optical outgoing radiation aperture, a buffer layer is formed on an optical outgoing radiation aperture. A lens base 
material is arranged in the location corresponding to said optical outgoing radiation aperture on this buffer layer. 
By carrying out melting of this lens base material, a lens base material front face is made into a convex, and said 
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lens base material front face is characterized by stiffening a lens base material in the state of a convex, and 

i 

forming a microlens in the location corresponding to said optical outgoing radiation aperture. . 
[0018] Moreover, the manufacture approach of another lens-on chip mold luminescence equipment of this 
invention Even if there is little semiconductor light emitting device substrate with which much semi-conductor 
light emitting device chips of the minute field luminescence mold which has an optical outgoing radiation aperture 
are formed, a buffer layer is formed on each optical outgoing radiation aperture. A lens base material is arranged 
in the location corresponding to said each optical outgoing radiation aperture on this buffer layer. By carrying out 
melting of this lens base material, a lens base material front face is made into a convex, and said lens base 
material front face is characterized by stiffening a lens base material in the state of a convex, and forming a 
microlens in the location corresponding to said each optical outgoing radiation aperture. 
[0019] Moreover, the manufacture approach of still more nearly another lens-on chip mold luminescence 
equipment of this invention La Stampa into which La Stampa of a microlens was produced using the lens-t>n chip 
mold luminescence equipment manufactured as mentioned above, melting resin was poured in into this La Stampa, 
and this melting resin was poured. After aligning the semi-conductor light emitting device substrate with which 
much semi-conductor light emitting device chips of the minute field luminescence mold which has an optical 
outgoing radiation aperture are formed arid stiffening said melting resin, it is characterized by producing many 
microlenses on a semi-conductor light emitting device substrate by removing La Stampa. 
[0020] 

[Function] If it is in the lens-on chip mold luminescence equipment of this invention, since the microlens is 
prepared on the buffer layer formed on the optical outgoing radiation aperture, even when microlenses other than 
a ball lens (the shape of for example, a semi-sphere) are used, the principal plane and the point emitting light of a 
microlens can fully be detached with the thickness of a buffer layer, and the optical intensity distribution of the 
light by which outgoing radiation is carried out can be effectively narrowed by the microlens. Therefore, when 
making it combine with a joint lens, an optical fiber, etc., high joint effectiveness can be acquired. 
[0021] Moreover, since high joint effectiveness can be acquired even if it does not use a ball lens, high precision 
positioning of a microlens, high precision adhesion, etc. are required, it is lost, and the production process of a 
microlens can be simplified. Furthermore, since highly precise polish processing is unnecessary like a ball lens, 
component expense of a microlens can be made cheap. 

[0022] Moreover, the manufacture approach of the lens-on chip mold luminescence equipment of this invention 
Form a buffer layer on an optical outgoing radiation aperture, and a lens base material is arranged in the location 
cbrrespondihg optical outgoing radiation aperture oh. this buffer layer. Since a Tens base material front face - 

is made into a convex; said lens base material front face stiffens a lens base material in the state of a convex by 
carrying out melting of this lens base material and the microlens is formed in the location corresponding to said 
optical outgoing radiation aperture A microlens can be produced using the manufacture process of a light emitting 
device chip, and a microlens can be produced comparatively easily. Moreover, since a microlens can be formed 
using the manufacture process of a light emitting device chip as it is. new plant-and-equipment investment is also 
unnecessary, and can make facility cost cheap. Moreover, since the resist agent for for example, semi-conductor 
production can be used as the quality of the material of a microlens, ingredient cost also becomes cheap. 
[0023] Moreover, if La Stampa of a microlens is produced by making into original recording the lens-on chip mold 
luminescence-equipment manufactured as mentioned above, back La Stampa which: pours in and stiffened melting- 
resin in this La Stampa is removed and many microlenses are produced on a semi-conductor light emitting device 
substrate, a microlens can be reproduced very easily and the mass-production nature of luminescence equipment 
equipped with the microlens can be raised. 
[0024] 

[Example] The sectional view of the light emitting diode 1 of the lens-on chip mold by one example of this 
invention is shown in drawing 1 . 2 is the light emitting diode component chip of a point light source mold (minute 
field luminescence mold), opening of the optical outgoing radiation aperture 3 is carried out to the top face, and 
the luminescence field 4 is formed in "it under the optical outgoing radiation aperture 3. For example, this light 
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emitting diode component chip 2 The laminating of the n-GaAsl-XPX layer 6, n-GaAs0.6P 0.4 layer 7, and Si02 
film 8 is carried out on the n-GaAs substrate 5. Form p diffusion field 10 towards the inside of n~GaAs0.6P 0.4- 
layer .7 from-, the opening 9 of Si02 film 8, and it considers as current constriction structure. If the p. lateral . 
electrode 1 1 was formed on Si02 film 8, the n lateral electrode 12 is formed in. the bottom, of the n-GaAs; 
substrate 5 and an electrical potential difference is impressed between the p lateral electrode 11 and the n. lateral 
electrode 1 2 A hole is poured into the luminescence field 4 of the bottom of p diffusion field 10 from the p lateral 
electrode 1 1 through p diffusion field 10, and outgoing radiation of the light which emitted light in the 
luminescence field 4 is carried out outside through the opening 9 of Si02 film 8, and the optical outgoing radiation 
aperture 3 of the p lateral electrode 11. Furthermore, the transparent buffer layer 14 which has a refractive index 
almost equal to a microlens 13 is formed in the top face of the field containing the optical outgoing radiation. • 
aperture 3 of the light emitting diode component chip 2. and the microlens 13 is formed on .the buffer layer 14. 
Here, the diameter D of opening of a microlens 13 is made into twice the radius of curvature r of the front face of 
,a microlens 13, and the microlens 13 is carrying out the semi-sphere configuration. 

[0025] In the above-mentioned light emitting diode 1, since the principal plane of the microlens 13 loaded in the 
light emitting diode component chip 2 is arranged in the location which is distant from the .optical outgoing 
radiation aperture 3 enough with existence of a buffer layer 14, the light which carried out outgoing radiation will 
receive a refraction operation of a microlens 1 3 from the optical outgoing radiation aperture 3 by passing through 
a principal plane. By designing suitably the configuration of the microlens 13 and buffer layer 1 4 which are loaded 
in the light emitting diode component chip 2 at this time, the joint effectiveness eta with a joint lens can be raised 
so that outgoing radiation light intensity distribution can be narrowed, consequent . 
compared with the case where a microlens 13 is not loaded. 

[0026] Drawing 2 is drawing for explaining the joint effectiveness of the above-mentioned light emitting diode 1 
and the joint lens 15, in accordance with the optical axis 16, the optical outgoing radiation aperture 3, the buffer 
layer 14, the microlens 13, and the joint lens 15 are arranged, and the conditions of the following - (mosquito) (j) 
are- assumed* ■ * ■ • . - 

(f) Light emitting diode 1 and the joint lens 1 5 are arranged so that the outgoing radiation, light 17 from an image 
formation lens may turn into collimation light, The outgoing radiation light 17 which passed through the outermost 
periphery of the (g) microlens 13 passes through the outermost periphery of the joint lens 15, For the (h) light 
outgoing radiation aperture 3, the diameter d of opening of that it can be regarded as a point and the (i) microlens 
1 3 is that are twice the radius of curvature of the front face of a microlens. 1 3, and the microlens 1 3 is carrying ~ 
out the shape of a semi^sphere; arid, that the. refractive index of the Q) buffer lay er J 4' and a microlens 13 is equal: 
[0027] The outgoing radiation light 17 which carries out outgoing radiation from the optical outgoing radiation 
aperture 3, and passes along the outermost periphery of a microlens 13 in drawing 2 an optical axis- 16 and. the 
include angle to make alpha, Supposing the outgoing radiation light 17 which passes through the outermost 
periphery of a microlens 13 and goes to the outermost periphery of the joint lens 15 sets an optical axis 16 and 
the include angle to make to beta and each refractive index of a buffer layer 14 and a microlens 13 is n It is n- 
sin(pi/2-alpha) =sin (pi/2-beta) by applying a Snell's law in the spherical surface* of a microlens 13.. 
That is, n-cos(alpha) =cos (beta) — ** is realized. Here, the ratio eta of the optical power incorporated by the 
joint lens 15 among the optical power by which outgoing radiation is carried out from the optical outgoing radiation 
aperture 3, he., ■joint effectiveness; is-eta=sin 2 (alpha) so that clearly from drawing 2 v— It becomes^**. < -~ 
Moreover, the joint effectiveness eta 0 when not providing a microlens 1 3 from assumption, since the numerical 
aperture IMA of the joint lens 15 is equal to sin (beta) is eta0=sin2 (beta). — It becomes **. Therefore, the joint 
effectiveness ratio m is rn=eta/eta 0=sin2(alpha)/sin2 (beta) from ** - ** type. 

= sin2(alpha)/[1-n2 and cos2 (alpha)] — It becomes **. For example, since it is beta= 30 degrees, if numerical 
aperture NA of the joint lens 15 is made into a refractive index n= 1.5 from 0.5, then sin(beta) =NA=0.5, it will 
become alpha= 54.73 degrees and theJajn^eff ectb^enes^-i^tiQ m= 2.7 will be obtained from ** type. That is, joint 
effectiveness becomes 2:7 times. . ...... 

[0028] Moreover, what is shown in drawing 3 is drawing showing the diameter d of opening of the microlens 13 



• 

when the diameter of opening of the optical outgoing radiation aperture 3 presupposes that it is limited and 
changes thickness w of a buffer layer 14, and relation (count result) with the joint effectiveness ratio m. Here, 
while assuming the above-mentioned condition (g) (i) (j), the diameter of opening of the optical outgoing radiation 
aperture 3 is set to 20 micrometers, the refractive index of a microlens 13 is set to n=. 1.5, and it is considering as 
numericar-aperture NA=0.5 of the joint lens 15, and D= 5mm of diameters of opening. Moreover, the curve C1 of 
drawing 3 shows the relation of the diameter d of opening of a microlens 13 and the joint effectiveness ratio m 
when the thickness of a buffer layer 14 is 10 micrometers, in case the thickness of a buffer layer 1 4 of a curve 
C3 is 15 micrometers as for a curve C2, when the thickness of a buffer layer 14 is 5 micrometers. According to 
this count result the most remarkable effectiveness is expressed when the thickness of a buffer layer 14 is 15 
micrometers. 

[0029] What is shown in drawing 4 is the sectional view showing the light emitting diode array 21 of the lens-on 
chip mold by another example of this invention. What was shown in drawing 1 has formed the microlens 13 

m 

through the buffer layer 14 in this luminescence diode array 21 to forming a microlens 13 after the light emitting 
diode component chip 2 of a simple substance on each optical outgoing radiation aperture 3 of the light emitting 
diode component substrate 22 formed in the point light source mold light emitting diode component chip 2 which 
has the optical outgoing radiation aperture 3. [ many ] 

[0030] Drawing 5 (a), (b), (c), (d), and (e) are the sectional views showing one example of the manufacture 
approach of the above-mentioned light emitting diode array 21, and show the process, which produces a microlens 
13 on the light emitting diode component substrate 22 (or light emitting diode wafer). If this microlens production 
process is explained along with drawing 5 , first, the light emitting diode component chip 2 of the minute field 
luminescence mold which has the optical outgoing radiation aperture 3 will form a buffer layer 14 in the whole top 
face of the light emitting diode component substrate 22 currently formed with a transparent photoresist 
ingredient etc., will carry out patterning of [ drawing 5 (a)] and the buffer layer .1 4 concerned using a 
photolithography technique, and will arrange a buffer layer 14 on each optical outgoing radiation aperture 3 
[ drawing 5 (b)]. [ many ] In addition, what is used for the manufacture process of light emitting diode can be used 
for this photolithography technique as it is. Subsequently, the whole surface of the light emitting diode component 
substrate 22 is coated with the charges 23 of microlens material (for example, transparent resist agent for semi- 
conductor production etc.) from on a buffer layer 14, patterning of [ drawing 5 (c)] and the charge 23 of microlens 
material is carried out using a photolithography technique, and the lens base material 24 which becomes a 
location corresponding to the optical outgoing radiation aperture 3 on. a bufferlayer 1 4 from the charge 23 of 
microlens material is arranged f drawihg 5 (d)].* Subsequently, if the lens base material 24:oh a buffer layer 14 and 
melting of the lens base material 24 is carried out, the front face of the fused lens base material 24 turns into a 
convex, while lens base material 24 front face had maintained the convex condition, the lens base material 24 will 
be stiffened, and the semi-sphere-like microlens 13 will be formed in the location corresponding to each optical 
outgoing radiation aperture 3 [ drawing 5 (e)]. Since the quality of the material is chosen at this time so that it 
may differ from the quality of the material of a buffer layer 14, and the quality of the material of the lens base 
material 24 and the melting point of the quality of the material of a buffer layer 14 may become higher than the 
melting point of the quality of the material of the lens base material 24, only the lens base material 24 fuses a 
buffer layer 14, without fusing. Drawing 6 is the perspective view (what was drawn based on the scanning electron 
- microscope- [SEM] photograph) showing- r ~ i T 

[0031] Thus, if a microlens 13 is produced, since a microlens 13 is producible using the manufacture process of 
the conventional light emitting diode, a microlens 13 can be produced comparatively easily. Moreover, since the 
manufacture process of the conventional light emitting diode, can be diverted as it is and a microlens 13 can be 
formed, new plant-and-equipment investment is also unnecessary, and can make facility cost cheap. Moreover, 
since the resist agent for for example, semi-conductor production can be used as the quality of the material of a 
microlens 1 3, ingredient cost also becomes cheap. 

[0032] In addition, in the above-mentioned example, although the case where many microlenses 13 were formed 
on the light emitting diode component substrate 22 which consists of much light emitting diode component chips 
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2 was explained, rf a microlens 13 is formed after the light emitting diode component chip 2 of a simple substance 
like the above-mentioned approach, a light emitting diode 1 like drawing 1 is producible. Or if this is cut every light 
emitting diode component chip 2 after producing many light emitting diode arrays 21 , as it was shown in drawing 
5 , many light emitting diodes 1 like drawing 1 can be taken at once, and can be carried out. . 
[0033] Moreover, drawing 7 (a), (b), (c), and (d) are the sectional views showing the another production approach 
of a microlens 1 3. This example is the approach of producing a microlens 1 3 by making into original recording the 
light emitting diode array 21 which it carried out [ array ] like drawing 5 (a) - (e), and had the microlens 13 
produced. That is, it is the original recording 31 21, i.e., the light emitting diode array which it carried out [ array ] 
like drawing 5 (a) - (e), and had the microlens 13 produced, which is shown in drawing 7 (a). The La Stampa 
ingredient is made to deposit on this original recording 31, original recording 31 is removed after [ drawing 7 (b)] in 
which the La Stampa ingredient hardened and La Stampa 32 was formed, and La Stampa 32 which has the crevice 
33 equipped with the microlens 13 and the reversal configuration of a. buffer layer 14 is obtained. Subsequently, 
the light emitting diode component substrate 22 of each other is positioned in piles to La Stampa 32, and after 
pouring in the resin ingredient 34 for microlenses into the crevice 33 of La Stampa 32 and stiffening the resin 
ingredient 34 for the [ drawing 7 (c)] microlenses, La Stampa 32 is removed. This reproduces a buffer layer 1 4 and 
a microlens 13 with the resin ingredient 34 for. La Stampa on the light emitting diode component substrate 22, as 
shown in drawing 7 (d). 

[0034] According to this approach, since a microlens 13 and a buffer layer 14 can be manufactured at once, 
production of microlens 13 grade can be made easy. In addition, even if it reproduces only a microlens 13 by this 
approach, it does not interfere. 

[0035] The structure of the joint unit 41 of the light emitting diode by this invention and an optical fiber is shown 
in drawing 8 . In this joint unit 41, light emitting diode 44 is mounted on the stem 43 which has lead 42, the cap 47 
on which the glass plate 46 was inserted in the cylindrical member 45 was put on the stem 43, and light emitting 
diode 44 is enclosed. Furthermore,' the end face of an optical fiber 49 is made to approach light emitting diode 44, 
and is made to counter by making the edge of an optical fiber 49 insert in the member 48 for connection which 
carried out fitting to the cap 47. Here, the optical path corresponding to the thickness of a buffer layer 14 is 
constituted so that the numerical aperture of d and an optical fiber may be set to [d/(2U] >=NA in them, when 
setting L and the diameter of opening of a microlens 13 to NA. 
[0036] However, if it is in such a joint unit 41 , since the bonding wire 50 for supplying a current to a light emitting 
diode 44 must be escaped and a glass plate 46- must be arranged, between the front face of a light emitting diode 
44, and the end face of an optical fiber 49, about at least 0.2mm space 51 and the. glass plate 46 with a thickness 
of about 0.5mm are needed between a light emitting diode 44 and an optical fiber 49. Although a numerical 
aperture NA is large, it becomes impossible consequently, to combine only the beam of light of whenever [ smaller 
than include angle (sin-1(NA)) corresponding to numerical aperture NA of optical fiber 49 angle-of-incidence ] 
with an optical fiber 49 for the optical fiber 49 with a small core diameter, as shown in drawing 9 . Since the 
directivity of the light emitted from the light emitting diode component is a lambert form when the light emitting 
diode component of the conventional example is used, the joint effectiveness of an optical fiber becomes the 
value about sin2theta. For example, when the light emitting diode component of 30 micrometers of diameters of 
luminescence, and the core diameter of 0.125mm and the optical fiber of numerical-aperture NA=0.5 are used, it 
becomes- theta= 6.9 degrees of chance [ -of corresponding. to anumerical aperture NA ]-angles, and the joint- . : - 
effectiveness eta becomes 1.4%. On the other hand, if the above-mentioned joint unit 41 is used, since the ■ 
directivity of the light emitted from light emitting diode 44 is sharp, optical big power can be combined with the 
optical fiber 49 with a small core diameter. For example, when the microlens 13 with a diameter of 70 micrometers 
is similarly formed in the light emitting diode 44 of 30 micrometers of diameters of luminescence, joint 
effectiveness exceeds 5% and its joint effectiveness eta improves sharply. 

[0037] Next, the structure of the joint unit 61 of the light emitting diode by this invention and an optical fiber is 
shown in drawing 10 . This attaches the aspheric surface biconvex lens 63 in the aperture 62 of the cap 47 put on 
the stem 43, and inserts the aspheric surface biconvex lens 63 between a light emitting diode 44 and the end face 
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of an optical fiber 49. If it is in this joint unit 61 , the greatest joint effectiveness eta can be acquired by 
considering as the lens system using the aspheric surface biconvex lens 63 with an magnifying power equal to the 
core diameter/diameter of a microlens of an optical fiber 49. For example, when the light emitting diode 44 of 30 
micrometers of diameters of luminescence, the microlens 13 with a diameter of 70 micrometers, the core - 
diameter of 0.125mm, and the optical fiber 49 of numerical-aperture NA=0.5 are used, the joint effectiveness eta 
exceeds 50%. 

[0038] Drawing 1 1 shows the structure of optical fiber type photoelectrical detection equipment 71 where the 
above joint units- 72 were used. In the body 73 of photoelectrical detection equipment, the photo detector 74 is 
dedicated with the joint unit 72 which built in the light emitting diode 44 as shown in drawing 8 or drawing 10 , and 
the end face of the optical fiber 75 connected to the end face and photo detector 74 of the optical fiber 49 led 
from the joint unit 72 is made to counter mutually. If a deer is carried out and a light emitting diode 44 is made to 
emit light by the control circuit 76, outgoing radiation of the light by which outgoing radiation was carried out from 
the light emitting diode 44 will be carried out from the end face of the optical fiber 49 concerned through an 
optical fiber 49, incidence will be carried out to the end face of the optical fiber 75 of another side, and incidence 
of the light which spread the inside of the optical fiber 75 concerned will be carried out to a photo detector 74. 
Since a photo detector 74 stops receiving light at this time when between both the optical fibers 49 and 75 is 
interrupted, existence of a shelter is detected. If the above joint units 72 are used in such optical fiber type 
photoelectrical detection equipment 71, since outgoing radiation of the light beam with optical big reinforcement 
can be carried out from an optical fiber 49, detection sensitivity improves. 

[0039] Drawing 12 is the sectional view showing the joint unit 81 of light emitting diode and a lens by this 
invention. If it is in this joint unit 81 , a lens 82 like a plano-convex lens is fixed to the edge of the member 48 for 
connection by which fitting was carried out to the cap 47. Here, the optical path corresponding to the thickness 
of a buffer, layer 14 is constituted so that the numerical aperture of d and a lens may be set to [d/(2L)] >=NA in 
them, when setting L and the diameter of opening of a microlens 13 to NA. In the joint unit 81 of such structure, 
since the directivity of the light emitted from the light emitting diode component is a lambert form when the . 
conventional light emitting diode component is used as light emitting diode, the ratio of the light combined with a 
lens is set to sin2theta=(NA)2, for example, when the include angle concerned is theta= 30 degrees, the joint 
effectiveness eta becomes 25%. On the other hand, when the light emitting diode 44 by this invention is used in 
such a joint unit 81 and the light emitting diode component chip of 30 micrometers of diameters of luminescence 
and the microlens 13 with a diameter. of 70 micrometers. are used* the joint effectiveness eta exceeds 40% and 
improvement in large joint effectiveness. • 

[0040] As mentioned above, if the lens-on chip mold light emitting diode by this invention is used for association 
with an optical fiber, or association with a lens, the detectability ability of the photoelectrical detection equipment 
which used them to be able to raise joint effectiveness is also sharply improvable. In addition, in each above- 
mentioned example, although the case where the light emitting diode component chip 2 was used as a light 
emitting device chip was explained, of course, a semiconductor laser component chip may be used. 
[0041] 

[Effect of the Invention] Even when microlenses other than a ball lens (the shape of for example, a semi-sphere) 
are used since the microlens is prepared on the buffer layer on an optical outgoing radiation aperture if it is in the 
lens-on chip-mold luminescence equipment of this invention; ^the principal plane -and- the-p oint emitting right of a - 
microlens can fully be detached with the thickness of a buffer layer, and the optical intensity distribution of the 
light by which outgoing radiation is carried out can be effectively narrowed by the microlens. Therefore, when 
making it combine with a joint lens, an optical fiber, etc., high joint effectiveness can be acquired. 
[0042] Moreover, since high joint effectiveness can be acquired even if it does not use a ball lens, high precision 
positioning of a microlens, high precision adhesion, etc. are required, it is lost, and the production process of a 
microlens can be simplified. Furthermore, since highly precise polish processing is unnecessary like a ball lens, 
component expense of a microlens can be made cheap. 

[0043] Moreover, the manufacture approach of the lens-on chip mold luminescence equipment of this invention 
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Form a buffer layer on an optical outgoing radiation aperture, and a lens base material is arranged in the. location 
corresponding to said optical outgoing radiation aperture on this buffer layer. Since a lens base material front face 
is made into a convex, said lens base material front face stiffens a lens base material in the state of a convex by 
carrying out melting of this Jens base material and . the microlens is formed in the location corresponding to said 
optical outgoing radiation aperture A microlens can be produced using the manufacture process of a light emitting 
device chip, and a microlens can be produced comparatively easily. Moreover, since a microlens can be formed 
using the manufacture process of a light emitting device chip as .it is, new plant-and-equipment investment is also 
unnecessary, and can make facility cost cheap. Moreover, since the resist agent for for example, semi-conductor 
production can be used as the quality of the material of a microlens, ingredient cost also becomes cheap.. 
. [0044] Moreover, if La Stampa of a microlens is produced by making into original recording the lens-on .chip mold 
luminescence equipment manufactured as mentioned above, back La Stampa which pours in and stiffened melting 
resin in this La Stampa is removed and many microlenses are produced on a semi-conductor light emitting device 
substrate, a microlens can be reproduced very easily and the mass-production nature of luminescence equipment 
equipped with the microlens can be raised. 

[Translation done.] 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view showing the lens-on chip mold light emitting diode by one example of this 
invention. 

[Drawing 2] It is an explanatory view for explaining an optical operation same as the above. 

[Drawing 3] It is drawing showing the relation of the diameter of opening of a microlens and joint effectiveness 

ratio in an example same as the above. 

[Drawing 4] It is the sectional view showing the lens-on chip mold light emitting diode array by another example of 
this invention. 

[Drawing 5] (a), (b), (c), (d), and (e) are the sectional views showing the production approach of a microlens same 

• as the - above ; •*-..■-• v *■.<■-.*■ ••■ -i. — ^ .... .. . •••..■.•-^..•.r.-s -. . ,t. *-—*-..•.»..•• 

[Drawing 6] It is the perspective view showing the microlens group produced by the approach same as the above. 
[Drawing 7] (a), (b), (c), and (d) are the sectional views showing the another production approach of a microlens. 
[Drawing 81 It is the sectional view showing the joint unit of the light emitting diode and optical fiber by this 
invention. 

[Drawing 91 It is an operation explanatory view same as the above. 

[Drawing 101 It is the sectional view showing another example of the joint unit of the light emitting diode and 
optical fiber by this invention. 

[Drawing 1 11 It is the schematic diagram showing the structure of optical fiber type photoelectrical detection 

« 
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equipment 

[Drawing 1 2] It is the sectional view showing the joint unit of the light emitting diode and the lens by this 
invention. - 

[Drawing 1 3] It is the sectional view showing the structure of the conventional point light source mold light 
emitting diode component 

[Drawing 14] It is the sectional view showing the structure of another conventional point light source mold light 
emitting diode component 

[Drawing 15] It is the arrangement explanatory view of the point light source mold light emitting diode component 
for explaining joint effectiveness, and a joint lens. 

[Drawing 1 6] It is drawing for searching for the joint effectiveness of a point light source mold light emitting diode 
• component and a joint lens. i. . . 

fDrawihg 17] It is drawing showing the relation between the numerical aperture of a joint lens, and joint 
effectiveness. 

[Drawing 18] It is the sectional view showing the conventional point light source mold light emitting diode 
equipped with the microlens. 

[Drawing 1 9] It is an operation explanatory view same as the above. 

[Drawing 20] It is the sectional view showing another conventional point light source mold light emitting diode 
equipped with the microlens. 
[Description of Notations] 

2 Light Emitting Diode Component Chip 

3 Optical Outgoing Radiation Aperture 

1 3 Microlens 

1 4 Buffer Layer 

1 5 Joint Lens 

24 Lens Base Material 
32 La Stamps 

[Translation donej 
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s'T'roKjST'a-fe^SrWffl Lra/hW^XiSrf^Sli-f^r 

fiJfflUTail/hvvX^^i-S- itfS-CtSfcfc. Hffc 

[0 0 2 3] ±!20j;5JiUXS!5t$tufcV>'X 
• ^-v • ^y^a^SS^Uffii LT&'M^X©;* 

#^ro§S/>u-^XSr#fi-t-ixfl v fiiftTflS^t^t/M^^ 
Xfc&SH-srtas-et, «/hu>X*{iBx.fc^jt3Sfi 

[0 0 2 4] 

[Hl£0y] *»PJw-Hl£«s|lc £3 u^X • ^-v • =f y 
^ro^^^-KlOKrffiHSrElllc:^,, 2»±^ 

^3<DT*»-«?t^4/65^$ixT^5o W^-tf, ^ 
OJ83t^'f*-K*-¥-^y5 r 2f4» n-GaAsS«5 
©±Cn-Ga AsnPxf 6, n -G a A s o. 6Po. 4 
l7MSi0 2 K8&SIl, S i O2^8<05gP9*> 
bn-Ga As 0 .6P0.4® 7rtlC|6]ltTpffl»^l 0 
fc»jaLT*«*J«!3ii S i O2K8<0±»Cp{a!| 
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(5) 




n-Ga AsSS5 0T^n(B!imSl 

1 2MfcttffiSr.PPADi-5 t. p&»^i$l 0 SriloT p 
ffifieSl ia>5>P»»tM£l 0.©<E©»3WW4fc*- 
jVtf&KZti, «*«*4-C**Ufc»»4S 10 2 I8 

©BBa9"at/pffl!|«8li l.o*aiM*atraoX#Wl»^ 

HUM 3 Sr.^tfSWSo±B^tt»/M^^X l 3 t litf^ 
UMB»**W^*aWfc'<!/7rJi 1 4tfffM£;h,T 

Xl 3c0^ffi(£i&^¥&r <0 2{gi LTfc*K &'M">' 
XI 3 LTI^S. 

><y7rJBl 4©#ftKJ:o-CJtaj»«3^fe 

4 0«j**aaicKtM:*r:i:K:J:5 y SeJ^^i 3' 

[0026] El 2 f*±KS8ft*W K 1 t^^^X 

1 5 tO^-&^mSrtftMi _; 5fc^^EI^*>^^^ ft** 1 • 
6fC?Bo-C)tdU^^3, ^%7 7ll4, »/hU^Xl 
3 U-^Xl 5d5gae$^T*5t), Ma) 

oftfl=*s(ES*ixxv\S 0 . •.- - » 

0)»iftu^X**bOliH**l 7#=> h#ifc5. 3< 

&)tl 7 vvXi 5<oa^MI»Sraia-f5rt, 
(»*UJlt*3H:jSi:*4**ii:> (W*/J\V/^Xl 3 

fcoT. ^/M/VXl 3***JR8:Utv^rt, (a) 
> 

Co 

[0 0 2 7] "B2 t*5V^Ttt, *UHt*3^bffl*tU-C 
W>uyXl 3(Oft^»4rji^.tait)tl 7«s*«*l 6 

ift1-*!&$ra, i^uyXl 3 
^i/yXi 5 0*^JB*^^5m«t*i'7**«ii 
6 £#rf~^|gfc/3 tU ^77711 4Xt/St/hwvX 
i 3<0®^**H>i*Ht>n^fc^ti"5iv'»^^^ 

i 3oaa5fcfe^T^^o?feBa*affli"5-t»-*9 

n • sin U/2-a) =sin U/2-:0). 
n • cos (a) =cos (0). "'® 



n =sin 2 (a) ••-•© 

Attain (0) i:«?U^ri**fe* ^/JnUVXI 3 4rJr 



40 



m= i?/i?o =sin2 /sin 2 (0) 

=5^ (a) / [l-n 2 -cos 2 (a) ) "® 

tteZo «*^Xl5OBlP*NAS:0.5 

sin.(/3) =NA=0. 5 

£9 3 = 3 0* -efcS^b, Itt*n=l. 5 

fc, a = 5 4.7 3 # ifcO, (BW J: 9 = 

[0 0 2 8] B13lc^t><^tt, 3tWtt&3 0&B 

(*) «r> (3) Sr<S^*t5.i*^mSt^3co|8PS4:2 0 
Mmt U ^[/jMO'Xl 3*>JB$T*«rn = 1. 5tU 
g^L/yXl 5£>Mn$CNA=0. 5, BPgD=5m 
mi LTV^5o H3©i»ClB^y77ll4 
Oj¥^^5/imC0#^, ^C2(^7 7 7.il4(0J| 
frtfl 0 vm<DW&. ft»C 3fi/^7.7@l 4tf>J?* 
d*l 5 //.mCD^tw^ltS^/hW^Xl 3(p&fl.nSd£ 

[0 0 2 9] B4K»+tOtt*«9!Offl4*ll[«fcJ: 
.^U^X • • ?-y-fWn>W)tir<t*— K • T W 2 

y^^-K#^^^2c^±^/jN^vXl 3&18;ttrt: 

fc*l\Ttt, .*m»*3t#t5^3t*ffl**^*- 
K^T-^ y ^ 2 ft *~ K^^S 

®2 2O*JtmWS3t0±lw/^y7r^l 4Sr^LXm 
/h'l/yXi 3SrR»tTV^5o 
[0030IB5 ,(•■) (b) (c) (d) (.e) tt-h 

jR-rWrBH-Cfcor, rf-— K*-?-S«2 2 (fo 

^5^fi, «3ty^*— .K**^) ©±fc«/h^Xl 3 

-fe^*H5»i:fioTttBB+5t» 3tB«t«3*r* 

Wca^*f7^ h*rJPK^Jv«fc9^^7rS 1 4 

•SrJUjftU [0 5. (a*') ] , aS^y77ll.4*7tH 

■y v ^? 7--f ^« ^ffiv^r^^ u> i#*aat« 
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3±\zs<?7t%1 4SrEdi-5 (0 5 (b) ] . tt 

OV'-C, ^y77il 4©±*>£>3836/ 
-< KSfJT-SS 2 2 ©£®tt:&/M'>'Xffl##2 3 

t^^L [05 (c) ] , »/J^yX^W2 3&7 

ffl*t^2 3A»t>/j:SU'i'XS#2 4£E«-*-5 CBS 5 
(d) ) . OV^T% /<-./77J§l 4©±©uyXft»2 
4*"<-^ UTW^X«$f2 4SrSIS*-e:5t^ $18 L 

£®#flffi©*Kf!8$:So7t££-ei-'>'XS# 2 4 SrSHfc: 

#^tmi*.«3»i»i£;i-5{sie»i^^<oa/hu^ 

Xl-StrXMtt-.S CIU5 (e) ] . r.©4:t. ^<y7 7 
g 1 4 ©#K t l/>-XS» 2 4 ©ttfCt tt&ft oT*5 
9, ^?77il 4©*tS©|»/£!&Sl'>'X#$*2 4©# 

«eogt,«J: 0 tS< fc* J: 5\z#Wi®&.ZtiX^i<o 
t?, ^y7rSl 4 tt^jB-fS r t < , u^X»*t2 
4 fc*l7asJ8j|S!-t-5 o 0 6 tti © J: 5 UT^M^ttfcm 
/JM^XI 3£^1— g«fciSrLfc&m0 (jfeaSSm^SS 
■fMft (SEM) ^«tS<Jv>T}S^fc<>©) T?*>5. 
10031] © J; 5 tc VXWb w>-X l 3 «r^iK-rix 
f£. 4 it- K©$iit 7*p -fe X fc*^ LT» 

'hv^Xl 3Srf^S*"t-Sr ■&©-?, Jttfcff)^ 

^/Jm^^xi 3Srf^s*i-5r t^-ctSo Sf* 

<0&%y4 *- K©§a&Xnir*£*©*£Jltffll,T» 
/KUVXl 3£J&£-t-3ri*s-Ct-5fc*!>, $rfcfc&<B 
&8t>&gfc<, IKS!** h£3Hffitt:-C#3. » 
/huvXi 3ro«"Kt LTW;ttfiNM*ffcSl/i!© 

So 

[0 0 3 2] ±IEHJSCSJ»C*5VNT»±, #&©3S36 

«2 2©±K#&©&/J^:/Xr3&&»72>$&-£»c:oi,<> 

r»w ufc^s. ±m*mt mmz Lx^<o^%y^ * 
0 1 © £ 5 a— k i s^sa-rs r t 

5„ *>5VM±, 0 5£/T*Lfc«fc5Kl>T#&©$g3fc:?y 

t-K-7W21 *fftg w*V«r<fr363t*'>f * 

— Ym=f-f- yf2%\zHy Y i"ix«i> 0 1 © J: 5 £3536 
y-f tf— K 1 «r— KEMfcflft 9t5:i 5. 

[0 0 3 3] 07 (a) (b) (c) (d)«±'ft 

/huvXi 3©SUfcf£M;*fe&^l$rffi0"e;fca. i© 
ffctSMtt, El 5 (a) ~ (e) <DX 5 te LT^'M^VX 

1 3Srf^S!$ixfc^)t^^— K- 7U"f 2 1 SrJifCSii 

07 (a) »C^-rt<0l±J^S3 1 , -r/ffc*)CS|^tfEIS . 
(a) ~ (e) O^^lwLT^/JM^VXl 3&fflS$iT, 



i0 

t«tm-K-7W2 1TJji. ^©1S®3 1© 
Xf >"<3 2&tel$.Zti1z (07 (b) ] 0S3 1 

3r8fc*U H/huyXi 3fiy/<y77gl 4©Kl£Jg 
«Sriil^.fc|!afifB3 3SrWf 5^^V/<3 2Sr#5. 
-e, ^^^-5 3 2K&%9<<-*- K^^Sfi2 2&SO 
T£v>tw{StSft*L. **;~<3 2©G0S5 3 3rtld8t/h 
w>-X/li«fli*m3 4&&AL (El 7 (c) ) % 
vXfflttMitm 3 4 &gS{fc$-fr!t&. * ^ w< 3 2 iSr^ 
10 rnjci*), 07 (d) Jc:^-rj:9»-. 

■f *~ K5S^S« 2 2 W±tC^ ^ W<ffl»J8*t» 3 4 
io-C/'!5'77ll4fiya/M/>'Xl 3Sr«il{-r5. 
[0 0 3 4] C<0*ffilc<tHli, «/hwyXl3t/<y 
77ll 4^-S»iSf^1-5-i:i5-cf sot, ®/hu 
vXl S^eo^SSrSSI-i-iri^-ctS. /ifc, n 

[0 0 3 5] EI8U*«W»C«t5^y-f^— KtJt7 

7 * h 4 1 O^jfSr^-f. z<om^~ 

20 y h4 HCtJV^TIi, Ji— K4 2*^ri--5^7 ! -A4 3© 
±»i«)ty-f 5*— K 4 4 $tlT*J t) , RfS«SB«" 

'4 51:^7^64 6Srf±ftfc#'V j/74 7Sr^xA4 3 
^»-&-C«3ty-<*-K4 4«r^ALT^5o £?>K:, 
dr^-yX4 7tr^$-&fcjg|§fflgBiM-4 SJ^Jfe^rW^ 
4 9 Srff ii $ * -5 r t J: K> % 7 7 /< 4 9 OSg 
ffit**^*- K4 4fciffi»$*T»iaiI**-CV^. 

l, a/hu^Xi 3©ggaSSrd, )t7 7 >f^oMat 

SrNAftit*. • 

30 Cd/ (2 L) ] SNA 

[0 0 3 6] L*»L» r©J: 5 y h4 lfcfc 
oTft, ^3t^ K4 4 4:3677-* '<4-9©MlC, 
^3t^W sh- K4 4 \zW,m,&&fe-tZ1Zisb<Dtf>T j > 

yv-t-Y 5 o xtf7*m4 6 $tieb u^itnrf^ 

b 'iV •'©•C. ^36^ ^— K 4 4 ©SBE5 4: 367 7 ^ >-< 4 
9 ©SBE4: ©KfCflftiSO . 2 mmgS©SW 5 14:. 
J¥$0. 5mm8S©#7^ffi4 6 &&&izt£i>i -&© 

EI9 ir^-fj: 5«tci, BSp»NAli7<f v^ 3 7g 
40 ©/h$/«c3fe7 7-C>'<4 9»-4:oT»i, 3t77l'^4 9© 
MPfcNAlC^tfc^ia (sin -1 (NA) ) J; 9 fe/h 
$ * A*t^S©3t«l UA»3t 7 7 -f ^ 4 9 l^-g- r 
4:#-etft<fc3. «*«©*3t^-<*— K*^«rfflv» 
fcS^-lcltt, 3836^*- K»^*»fe*Ufc3fc©flll^tt 

&y y/<- YMX-$)Z<OX> %? 7 4 '«om-&&tm*& 

«36^ l—h'm+t* =7@0. 1 2 D mm, mm 
NA=0. 5©3fe7 7-<^S:ffl^fc©-a-»Cfi, Bf]P»N 

A»^ij:i-5aii^e = 6. 9* 4:^19, 
so f*l.4%&&*. ±IE^-&3.= s/ K4 1 S:ffl^ 
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lC^$-fr^rt^T.#^o 0?*f*. I**) IX S5)t@ 3 0 
M mOlgft^ K 4 4 fcfiS 7 0 /i mtf)&/h U 

100 3 7] ftl:, **WfcJ:*»3t^*-Ki:*7 
7>f/<<DJg-&^5' h 6 LOfltfttrBU 0lc^r o 
f*, ^fA4 3.K»ii:fc** 7<D&6 2(C#ttS 

Srl$ofc#3fcffiP5fli 6 3 Srffl v>fc u>-X* t"T * 

O/im^ft/Jvl/yXl 3, 37S0. 1 2 5mm, MP 
3* 77**5 0%&ig*-5o 

[0 0 3 8] Ell 1 tt±lM> J: 3 h 7 2£ 

®&W§£tt##7 3rtKfi, «*.tfia.8-*iai 0Kl3*L 
fcJ:5ft»*^*- K4 4ftrtJ»Ufc*^-* h 7 
2t, S)t^7 4Wt)^^ *g-&«y b 7 
2-*»b»A*fe*7 7^^4 9<OS8EiS3fc*?"7 4ld 
«)^$tufc)t7 7^^^7 5<0*SB5fc*S£V^K*tlpj**b 
JVCVVB. L*>LT. M(5i»7 6iaot5E)t^t 
-K4 4£S8ft£i*:Si:, »*y-f*-K4 4*»&lMt 
SHfc3t«3t7 7-<^4 9Srilr?.TS^7.7>r^4 9 
•OJSffi^btilit-U. 7 -f»« 7 5^)*8ffifcA4t 

U a»*7 7-iT/<7 5rtte»Ufc* , f4***^7 i 4 

bnst 5**^-7 4 jMfc3tUfc< 
17 lfc*5^T±1Etf>«fc 3 ? V 7 2£fflt>*V ; 

10 0 3 9] Hi. 2li*«^lcJ:6^Jt^-<^-"-Kt u 
z/X«p*£-fr«y h 8 1 £^-r®rffiE)"?#>So w<0^ 
^.=Ly h 8 1 KfeoTfi, *f-y/4 7 fctfc'&^Hfcii 
ttffl«BS»4 8 0*»lc^»ai>^X0J:5*^>'^8 2£ 

S3t^S£8i£L, Sk/JyuvXl 30|flnSSrd x u^X 
Cd/ (2D) ^NA 

iC^i"^)t(Dlt^isin 2 0 = . (NA) 2 t#9, itk 50 



7£ 

^K^ii^it^^- K4 4 5rffl^fc©^t«, *3ft 
S3 OnmCO^^y^^—m^^yt, 7 O/i 
m^Si/hu^Xl 3Srffl^fcS^^tt, -te-&8b*j|»i4 

[0 0 4 0] ±IBtf>J;3^ *«Wlc<t ^> u^X • ^-v 

5/X2«rfflt^#^^ov^-CSftML;^^. aMH£f-tf 

y XSrffi t> J: l^coi* t> 5 A/-C*> 5 e 
[004 1] 

ICfcotli, )tmjH^±^!y^7®^±^/hu^ 

XfcRlfO «U^XJ£Jl^(D^J^tf^^<D» 
/hu^XSrfflv^yt^-C.t, ^s/7 7^col?^lwJ:o-C 
20 ^h^>-Xco^ffii:«)t^tS:+^^i-r k&V 

k ******* tt/ * v * «# s r t 

[0042] *it^*wx*ifcm\itz<xt>iK*>n& 

[0 0.4 3] ^o^X' ty-f^/IS 
• ft£B?)K&*&ri. 3tttHt«±lc/<y7 7JB*r*J« 
&'< y 7 7^±^ttIffi3tW^®^^i'^teS^ ^ 

0 w>-X»^ffiSraffik Lx 8d!EuVX«^*ffi^£i 

ffi^^^u^xmw*wb$*TMia*ast^jc:Mij; 
^^{se^/hw^x^^tTi/^^^cJ 

tas-e^ itewss^a/hu^xsr^sj-r^rt^-c 

[0044] iK'co«J:p»wUTK5t$^fc^>'X 
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(8) 



13 

[04 J #£93©SiJ&|giiMK:<fca i/^X • • <^*/ 
[El 5 J- (a) (b) (c) (d) (e) I4B±©«/Jn 

^1-&#0-C*>5. 
[07) (a) (b) (c) (d) ttSt/hU^XOSJft 

[H8]'*»«fcJ:55!3t^*-Kt*77'f^«) 
SS-g-a-ny h&*rt1$rffi0-<?*>-5 o 

[09] R±©flUBIMJH|-e*>*. 

[010] #$8WldJ:a»#^3J---K£jte7TW/<i 

[0ii] 3t7 7^/<s:3tm^ta«{i<oi«itsr^t«BS 
0-efcs. 

[01 2] *«WK:J:6«3t^*-K4u^X4©|j 



/4 



10 



[0i3] '&x<oM.atmm&%.y'( *- v$&-9>m&* 
[0i4] &m<Dmt£M%mm&ytr<< vm*«m 

*«r*fWiBlS|-e*>*. 
[015] &^$$tt!B-rsfcftO&%a@!!B%4 r 4' 

K^tiS-&UVXO5ffiStftM0-Cfe5 o 
[016]- MHSX^ *— KSTF-ifc-av^Xe? 

[01 7r££w:/X0Moft£&&a*fc0BMft*ii* 
i-0-Cfc*. • • 

[018] f»/hu^X*ai*fc«*c!>jfli3fc»a»*^- 
*- KSr^-rWfB50T*>5. 
[0i'9"J n±ofMltt9!B-0fc3. 
[02 0] a/hu-^XSrfiS^fcgiJ^SfJtEO^^S!** 

3 fttiJlt& 
2« 13 gfc/huvX 

1 4 /<5'77i 

1 5 j^Ui'X 

2 4 VV'Xfttt 

3 2 *#>v< 



[01 ] 



[02] 




~2 




[04]. 



21 
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[03] 
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